In this paper, palpation motions for prostate gland were measured using a prostate examination simulator and motion capture system in order to clarify effective motions for accurate diagnosis. It is difficult for students to learn how to make a palpation motion and what information to obtain during palpation. Quantitative evaluation of palpation motion is demanded. Firstly, the prostate examination simulator was developed and six kinds of prostate models, including a healthy model, a cancer model, and a hypertrophy model, were prepared as palpation samples. Next, by using these measurement system, prostate palpation motions by a expert and five students were measured. While participants diagnose the presence of lumps in prostate models and the size of prostate, fingertip position and force applying on prostate models were measured. From the results, it was confirmed that the expert diagnosed the state of prostate glands more accurately. Then motion analyses for trajectory of fingertip, contact force, and finger posture were carried out and motion characteristics between the expert and students were compared. From these results about both of trajectory and contact force, and it was found that the expert commonly explored over the whole of models by relative larger contact force than students do, it was suggested that the expert simultaneously explores presence of lumps and the shape of prostate. And from the results of analysis on finger posture, it was found that palpating the entire prostate with the fingertip is effective. As a results, the motion characteristics of the expert were extracted by using the developed system.
Introduction
Palpation is one of simple diagnosis methods that physicians examine the body or organs by feeling with their hand and fingers (Najarian et al., 2009) . Physicians estimate the physical properties of the palpated object, such as existence of lumps in objects, location of lumps, size of lumps and objects, stiffness of lumps and objects, and movability of lumps. By using palpation, physicians diagnose conditions of various diseases, such as breast cancer, prostate cancer, and cirrhosis of the liver (Aubin et al., 2014 , Tanabe 2006 . However, the diagnosis by palpation is essentially subjective, and physicians need long-time training and practice to make an accurate diagnosis using palpation. Moreover, it is difficult for beginners to learn how to make a palpation motion and what information to obtain during palpation (Aubin et al., 2014) . Therefore, studies on the palpation are demanded. Two major attempts have been conducted. One is to improve the current procedure and training (Aubin et al., 2014 , Burdea et al., 1999 , Ullrich and Kuhlen, 2012 . The other is to develop the effective palpation device for measuring tactile information during palpation (Najarian et al., 2009 , Okuyama et al., 2010 , Tanaka et al., 2014 . For both attempts, it is necessary to measure the palpation motion of experts and beginners quantitatively and objectively, and to reveal the effective motion for accurate diagnosis.
Therefore, we aim to develop a measurement system of palpation motion and to reveal the characteristics of the prostate. When participants found lumps or abnormal shapes, they also answered the locations in addition. They answered all the questions orally. The answers and response time to each question were recorded by a reporter. Each participant palpated every prostate model once, and presentation order of the models for every participant was the same. Palpation time and answer order were not restricted.
Results and discussion 4.1 Diagnosis
The accuracy of diagnosis was summarized in Tables 2 and 3 . Table 2 shows the diagnosis about size. Table 3 shows the diagnosis about lumps. In the tables, "○", " ", and "×" indicate that diagnosis is completely correct, partially correct, and completely wrong, respectively. For instance, answer for Model 1 of the participant "E" is "×", because he answered abnormal shape for Model 1(normal prostate model). And answer for Model 2 of the participant "E" is " ", because he answered abnormal shape for Mode 2 but enlarging location was wrong.
From a comparison between Table 2 and Table 3 , diagnosis about size is more difficult than that about lumps. From a comparison of answers of each participant, it was confirmed that the expert diagnosed more correctly than all the students did. This shows that the expert has better palpation skills than the students. Figure 5 shows an example of palpation motion data. Figure 5(a) is a trajectory of fingertip marker in XY plane, and Fig.5(b) is time evolution of contact force measured by the load cell attached to the prostate model. In Fig.5(a) , blue line indicates the trajectory and red line indicates the outline of the model. As shown in Fig.5(a) , participant B palpated the whole of model. This applies to other participants as well. In Fig.5(b) , contact force applying to the prostate model is frequently changed during measurement. However, the data included both palpation motions for diagnosing the size and the lumps. In analysis of the data, we focused on the data for 10 seconds just before answering each question. We assumed that palpation motion effective on diagnosis was observed just before answering the diagnosis. Therefore, the data for 10 seconds just before answer each question were extracted and analyzed below. As shown in Fig.6 , trajectories when they answered about lumps commonly concentrated above lump position, while trajectories when they answered about the shape of the prostate were spread over the whole prostate model. Therefore, in order to evaluate these characteristics, palpation area was defined as shown in Fig.7 . The smallest rectangular in which the trajectory for 10 seconds is enclosed was defined as palpation area. The sides of the rectangular are parallel to X axis or Y axis.
Palpation motion data

Trajectory
The obtained palpation areas of all participates for Model 5 are shown in Fig.8 . As shown in Fig.8(b) , palpation area of students (participate A to E) when they answered about lumps commonly concentrated above lump position, while the expert's palpation area(participate MD) did not concentrate and spread over the whole prostate model. On the other hand, f prostate were results for o regardless of
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Conclusion
In this paper, the prostate examination simulator was developed in order to evaluate the palpation motion. By using the simulator, 3-axis load cell, and motion capture system, palpation motion of a expert and students were measured. From the comparison between diagnoses of the expert and students, it was confirmed that the expert diagnosed the state of prostate glands more accurately. And motion analyses for trajectory of fingertip, contact force, and finger posture were carried out and motion characteristics between the expert and students were compared. From these results about both of trajectory and contact force, it was suggested that the expert simultaneously explores presence of lumps and the shape of prostate. It is believed that the characteristics is important to reduce the burden on patients. Moreover, from the results of analysis on finger posture, it was found that palpating the entire prostate with the fingertip is effective. As a results, the motion characteristics of the expert were extracted by using the developed system. It was found that the developed palpation simulator and the measurement system are available to measure the palpation motions for prostate gland.
In future, we will measure the motions of more participants of expert and trainee doctors by using the developed systems, clarify important features of experts' palpation motion, and construct the method to indicate the features.
